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CHAPTER 1
I NTRODUCTI ON

1-1. Pur pose

a. Milti-Phase Extraction. Milti-Phase Extraction (MPE) is a rapidly
energing, in-situ remediation technol ogy for sinultaneous extraction of vapor
phase, dissolved phase and separate phase contani nants from vadose zone,
capillary fringe, and saturated zone soils and groundwater. It is a
nmodi fication of soil vapor extraction (SVE) and is nost conmonly applied in
noderate pernmeability soils.

b. Engi neer Manual. This Engi neer Manual (EM provides practical guidance
for evaluation of the feasibility and applicability of MPE for renedi ation of
contami nated soil and groundwater and describes design and operationa
considerations for MPE systens. The docunment is primarily intended to set
USACE technical policy on the use of the technology and to help prevent
incorrect MPE application or its use in inappropriate settings. By setting out
technically sound design principles, it will be useful to engineers,
geol ogi sts, and project nanagers involved with subsurface renediation. It is
neant to be a conpanion nmanual to the Soil Vapor Extraction and Bioventing (EM
1110- 1- 4001, 30 November 1995) and the In-Situ Air Sparging (EM 1110-1-4005, 16
June 1997) EMs, which will be referenced as appropriate. Mny of the
aboveground desi gn aspects of MPE and SVE are sim | ar.

1-2. Applicability. This EMapplies to all United States Arny Corps of
Engi neers (USACE) commands having civil works and/or military prograns
hazardous, toxic, or radioactive waste (HTRW responsibilities.

1-3. References

a. This EM (Baker and Becker 1999) covers all aspects of MPE but cannot
i ncl ude detail ed discussion of all MPE issues. Were engineering design is
simlar to SVE, the two related EMs referenced above will be very useful
There are other publications that summari ze or give detailed insights into
i mportant aspects of MPE. An extensive list and reference details are provided
in Appendi x A. The followi ng references are suggested as key suppl enentary
sources of infornation on MPE

Subj ect Ref er ence
Technol ogy Overvi ew Bl ake and Gates 1986

Kittel et al. 1994
Leeson et al. 1995
Baker 1995

Keet 1995

USEPA 1995

APl 1996

USEPA 1997a

| mportant Physical, Biological and Chemi cal Farr et al. 1990

Par anet er s Lenhard and Parker 1990
Newel | et al. 1995
Pankow and Cherry 1996
Hillel 1998
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Subj ect Ref erence

Pil ot Testing and Design USEPA 1996a
Parker et al. 1996
Battell e 1997
Baker and G oher 1998

Model i ng Par ker 1989
Par ker 1995
Parker et al. 1996
Beckett and Huntl ey 1998
Ruiz et al. 1997

Equi prrent  Speci ficati on and Operation Crane Valve Co. 1988
Hydraulic Institute 1991
Hydraulic Institute 1994
Karassi k et al. 1986
Perry and Green 1984
Sut her san 1997

Eval uati on of System Perfornance Kittel et al. 1997
Baker and G oher 1998

b. Periodicals. Periodicals that occasionally feature articles on MPE and
rel ated technol ogi es incl ude:

. G ound Water (Association of Gound Water Scientists and Engi neers).

. Ground Water Mnitoring and Renedi ati on (Association of G ound Wter
Sci enti sts and Engi neers).

. Pol I uti on Engi neering (Cahners Business Information Division of Reed
El sevier, Inc.).

. Punps and Systens (AES Marketing, Inc.).

1-4. Background.

a. In-situ soil and groundwater remnediation techniques are being relied on
nmore and nore frequently as nethods that are | ess expensive than excavati on and
that do not sinply nove the contamination to another |ocation. However, the
limtations of many solitary in-situ technol ogi es are beconi ng nore apparent,
especially | onger-than-expected renediation tinmes. In addition, solitary
technol ogi es nmay only treat one phase of the contam nation when, in fact, the
contamination is often spread through nultiple phases and zones. For exanpl e,
SVE and bioventing treat only the vadose zone and groundwat er punp-and-treat
removes di ssolved naterial only fromthe saturated zone. Mst separate (free)
phase [Lighter (than water) Non-Aqueous Phase Liquid (LNAPL)] recovery systens
rely on gravity alone to collect and punp the LNAPL. 1In contrast, MPE can
extract:
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. G oundwat er contai ni ng di ssol ved constituents fromthe saturated
zone.
. Soi | noi sture containing dissolved constituents fromthe unsaturated
zone.

. LNAPL fl oating on the groundwat er.
. Non-drai nabl e LNAPL in soil

. Perched or pool ed Dense Non- Aqueous Phase Liquid (DNAPL), under some
condi tions.

. Soil gas containing volatile contam nants.
It is therefore a technology that finds its w dest use in source areas.

b. In general, MPE works by applying a high vacuum (rel ative to SVE
systens) to a well or trench that intersects the vadose zone, capillary fringe
and saturated zone. Because the resulting subsurface pressure is |ess than
at nospheric, groundwater rises and, if drawn into the well, is extracted and
treated aboveground before discharge or reinjection. |If liquid and gas are
extracted within the same conduit (often called a suction pipe or drop tube),
this formof MPE is often called "bioslurping" (when used for vacuum enhanced
LNAPL recovery), or “two-phase extraction” (TPE, often when used to address
chlorinated solvents). |If separate conduits for vapor and liquids are used
sone call the technol ogy "dual - phase extraction" (DPE). (These terns, “two-
phase extraction” and "dual - phase extraction” nore conmonly refer to situations
where there is no LNAPL.) LNAPL floating on the water table will also flow
into the well screen and be renmobved. Due to the inposed vacuum soil noisture
and NAPL retained by capillary forces within the soil can, to sonme degree, also
nove to the well for collection and renoval. The groundwater |evel may be
| onered, thereby creating a | arger vadose zone that can be treated by the SVE
aspect of MPE. The soil gas that is extracted is, if necessary, conveyed to a
vapor - phase treatment system (i.e., activated carbon, catalytic oxidation
etc.), prior to its discharge

c. Because air novenent through the unsaturated zone is induced during
MPE, oxygen can stinulate the activity of indigenous aerobic mcrobes, thereby
increasing the rate of natural aerobic biodegradation of both volatile and non-
vol atil e hydrocarbon contam nati on

d. MPE is being evaluated by several departnents of the U S. government.
USEPA’' s Superfund | nnovati ve Technol ogy Eval uation (SITE) programis supporting
a study of bioslurping by Battelle Menorial Institute, Colunbus, OH, at a fuel
tank farm The U S. Air Force "recommends MPE as a potentially val uable
enhancenent for the SVE option under the presunptive remedy for sites with
vol atil e organic conpounds (VOCs) in soil" (USEPA 1997a). In 1997, the USEPA
i ssued "Presunptive Renedy: Supplenental Bulletin on MPE Technol ogy for VOCs in
Soil and G oundwater” (USEPA 1997a).

e. The application of MPE began the first tine that either groundwater or
LNAPL was extracted by a vacuum Vacuumwas applied to oil wells in the 1860s
to improve LNAPL recovery from subsurface reservoirs (Lindsley 1926). One of
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the first nentions of MPE as a new renedi ati on technol ogy appears to be by

Bl ake and Gates (1986). At this time, MPEis utilized less often than the nore
established in-situ techni ques such as SVE, bioventing and air sparging. The
use of MPE as a deliberately applied remediation technology is expected to

i ncr ease.

f. Critical aspects that govern the effectiveness of an MPE system are
bei ng researched and reported i n conference proceedi ngs and technical journals
(some shown above). Innovative field techni ques, such as neutron probe
measur enents and recoverabl e free phase product estimates, are refining the
ability to measure the effective zone of influence (ZA). It is anticipated
that as nore field data becone avail abl e, the understandi ng of the mechani sns
and processes induced by MPE will increase, as well as the ability to predict
and nmeasure its effectiveness.

g. One of the difficulties encountered with MPE is the tendency to form
emul si ons of LNAPL and groundwater that may need to be "broken" or separated
bef ore subsequent treatnent or disposal

1-5. EM Scope. As nentioned in paragraph 1-1b, the primary focus of this EM
(Baker and Becker 1999) is to provide guidance for assessing the feasibility
and applicability of MPE. The EMis also neant to assi st engi neering and
techni cal staff experienced in remediation design to devel op MPE desi gn

i ncludi ng construction drawi ngs and specifications. Because MPE technology is
still evolving, this EMis intended to consolidate existing guidance and to
stimulate the acquisition and reporting of new information that will continue
to refine the technol ogy. Al though computer nodeling is discussed, exhaustive
coverage of analytical and numerical nodeling of the processes occurring during
MPE i s beyond the scope of this EM The reader should keep in nmind that the
use of MPE as a site renediation tool is a relatively new technol ogy. Design
and operation are highly dependent on site conditions, and designs will inprove
as nore information becomes avail abl e and nore experience i s shared.

1-6. EM Organization. This EMis structured to show the progression from
initial technology selection through testing, design, inplenmentation and
closure. Following this introductory chapter, Chapter 2 provides a nore
detail ed description of MPE and its underlying physical processes.
Recommendations for site characterization and feasibility evaluations are
presented in Chapter 3. Strategy and gui dance for pilot-scale testing are
provided in Chapter 4, and full-scale design considerations are presented in
Chapter 5. Chapter 6 provides gui dance on preparing design docunents and
specifications. |ssues associated with systemstart-up and | ong-term operati on
and nmai ntenance are discussed in Chapter 7, and system shutdown procedures and
confirmation of clean-up are introduced in Chapter 8. Chapter 9 presents other
adm ni strative issues associated with inplenenting MPE.  Finally, Appendix A
provides references cited in this docunent.

1-7. Resour ces.

a. Nunerous resources are avail able to assist the designer in assessing
the feasibility of MPE and designing an effective system Resources include
nmodel s for system design and optim zation, technical journals that sumari ze
case studies and recent technical devel opments, and el ectronic bulletin boards
and dat abases that provide access to regul atory agency, academ c, and
conmmerci al sources of infornmation
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b. At this tine, there are few conmputer nodels witten specifically for
MPE applications. Existing, related nodels, which are discussed in
paragraph 5-4, range fromcomercially avail able software to conpl ex computer
code requiring substantial conmputing ability. These nodels hel p the designer
to understand what will occur relative to pressure distributions and subsurface
fl ow when vacuuns are applied. Mdeling can be used to design a pilot test;
optimze placenent of MPE wells in a multiwell field; and estinmate extracted
liquid and vapor flow rates that determi ne the sizes of aboveground extraction
and treatnent equi pnent.

c. Atable of federal bulletin boards and databases that contains
i nformation on SVE and bioventing (BV) is presented in the USACE Soil Vapor
Extracti on and Bi oventi ng Engi neer Manual (EM 1110-1-4001). The majority of
these el ectronic resources al so now contain some information on MPE. The
following list gives a description and associ ated uni versal resource |ocator
(URL) of several of these bulletin boards and/or databases that can be found on
the Wrld Wde Wb.

. The Federal Renedi ati on Technol ogi es Roundt abl e
(http://ww frtr.gov): Renediati on Technol ogi es Screeni ng Matri x and
Ref erence Quide, 3 Edition.

. CLUIN (http://clu-in.org): Hazardous Waste C ean-Up I nformation
System provi des i nformati on about innovative treatnent technol ogies.

. REACH | T (http://ww epareachit. com: Renediation and
Characterization I nnovative Technol ogi es.

. TechDirect (http://ww epa. gov/swertiol/techsub. ht m: Technol ogy
I nformation Service that highlights new publications and events of
interest on site remedi ati on and assessnent.

. Bi oG oup (http://biogroup. gzea. com): Bioremedi ati on Di scussi on
G oup.

. ATTIC (http://ww epa. gov/ gil s/records/a00194. htnl): A ternative
Treat nent Technol ogy | nformation Center.

. Fi el di ng Environnental Sol utions
(http://aec-ww apgea. arny. mi | : 8080/ prod/ usace/et/listweb. htm: U.S.
Arny Environnmental Center’s (USAEC) Pollution Prevention and
Envi ronment al Technol ogy Division (P2&ETD) site that provides
information on recently published docunents, field denonstrations of
i nnovati ve technol ogi es, and technology transfer efforts of the
P2&ETD.

. GLOBALt echs (http://ww gl obal techs. com): Online Site Renediation
Technol ogies Directories.

. DNAPL i n_Groundwat er Research G oup
| (http://civil.queensu. ca/environ/groundwat er/refereed. htnm. |
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. US Arnmy Corps of Engi neers Techlnfo
(http://ww hnd. usace. arny. m |/t echi nfo/index. ht m: provides |inks
to USACE publications and specifications.

. EPA Renedi ati on Technol ogi es Publ i cations
(http://ww. epa. gov/ swerti ol/ pubitech. htm.
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